Purpose: Researching reproductive outcome after laparoscopic radical resection of grade III and IV endometrial lesions. Methods and Materials: A retrospective analysis of 54 women was carried out. The patients underwent laparoscopic radical resection in the Gynecology Department of a secondary health care center between January 2009 and December 2013. Diagnostic investigation, with histological confirmation of moderate to severe endometriosis, preceded surgical intervention in a multidisciplinary setting. Thirty seven of the 54 patients had an active desire for pregnancy. The outcome measure was the number of pregnancies in the subgroup of 37 women with an active desire for pregnancy. Results: Within the subgroup of 37 patients, 28 women became pregnant within the study period. Twelve patients became pregnant spontaneously and 16 had medically assisted pregnancies. Within the medically assisted group, 4 patients conceived after Intra-Uterine Insemination (IUI) and 12 after InVitro Fertilization (IVF). The pregnancy rate was 76%, a result similar to findings of earlier studies.
Background
Endometriosis is a prevalent condition defined by endometrial tissue outside the uterine cavity. The condition is estrogen-dependent and occurs mainly during the fertile period of women [1] .Prevalence is hard to quantify as definitive diagnosis requires laparoscopic investigation. Prevalence is estimated to be between 5 and 7% in all women [2] ; in infertile populations prevalence may be up to 30% [3] .
Some observational studies describing an elevated chance of pregnancy using GnRH without surgical approach exist, although the 2014 Cochrane review of these studies showed little evidence. Benefit of this approach remains controversial [12] . A recent, randomized trial confirmed that the use of GnRH agonists does not improve fertility in grade III to IV endometrial lesions [13] .
The surgical approach of grade III to IV endometriosis lesions is often discussed in the current literature. The aims of the surgical approach are to remove all visible endometrial lesions using classical excision or ablation, restoring normal anatomy by opening adhesions. Discussion remains over whether the surgical approach is beneficial in relation to fertility in cases with grade III to IV endometrial lesions. Considering the invasive character of this approach, and the high risk of severe complications, such as transection of a ureter, pelvic abscesses or rectal damage, this discussion is extremely relevant [14, 15] . Many studies researching the outcome on fertility after laparoscopic surgery for grade III to IV lesions are published, with often contradictory results. Adamson G, et al. [16] conducted an extensive meta-analysis on this topic in 1996, concluding that the surgical approach for grade III and IV lesions increases the chance of pregnancy by up to 44% in the laparoscopic approach, and up to 62% in laparotomy. Yet discussion persists over which surgical approach gives the maximal chance of pregnancy and minimal chance of complications. A recent prospective cohort study by Vercellini P. et al. [17] showed that, in the case of rectovaginal endometriosis, the surgical approach did not increase fertility in comparison to the control group with the conservative approach.
The question remains whether the surgical approach to grade III and IV lesions improves the chance of pregnancy in patients with endometriosis. This question is central to our study, where the surgical approach for endometriosis is performed in a multidisciplinary setting.
Material and Methods
All patients who were operated on between January 2009 and December 2013 were included in this retrospective follow-up. They were treated with a radical conservative endometriosis removal. All patients were diagnosed preoperatively with grade III to IV endometriosis by clinical evaluation, transvaginal ultrasound, MRI and diagnostic laparoscopic surgery. This included rectovaginal plaques, deep infiltrativenodules, endometriomata, and grade IV sacro-uterine adhesions. Preoperatively all patients were treated with GnRH-analogues for 3 months. The purpose of this treatment was to reduce the volume of the lesions as much as possible prior to surgery.
Postoperative histological survey confirmed the diagnosis of endometriosis in all patients. Histological criteria were the presence of glandular endometrial tissue or endometrial stroma in the biopsies. Symptoms were clinically monitored pre-and postoperatively per consultation in the Department of Gynecology at this center.
One patient was lost to follow-up and her data were not included in this survey. During post-operative contact, patients were questioned hydrosalpinx (3%). IVF was commenced immediately after surgery. In 11 patients, surgery was extended to the rectal wall (30%). Lesions were removed either by shaving the rectal wall, or by rectal resection. Five patients underwent radical rectum resection (14%) and shaving was performed in six patients (16%). The decision to use either of these techniques was based upon invasion depth of the lesions in the rectal wall. In 7 patients surgical re-intervention was necessary due to persisting pelvic pain(19%).These results are shown in Table 3 .
Results
In the subpopulation of 37 patients, 18 spontaneous pregnancies occurred in 12 women. Two women became pregnant three times, two women twice and seven women once. The median period to conception in this subpopulation was 6 months (1-32). Four pregnancies were conceived using Intra-Uterine Insemination after ovarian induction in 4 women. The time to conception was 6.5 months (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) . Thirteen women in total tried IUI. Thirteen pregnancies were conceived after IVF in 12 women. In these pregnancies 2 women combined IVF with Intra-Cytoplasmic Sperm Injection (ICSI).
A total number of 17 women attempted fertility treatment using IVF. As 12 of them fell pregnant, the total success rate of postoperative IVF treatment was 71%. about child wish, smoking behavior, spontaneous pregnancy, medically assisted pregnancies, sperm examination and other important non-medical parameters such as separation of partners.
Our primary endpoint postoperatively was number of pregnancies, including both spontaneous and medically assisted pregnancies.
Operative Procedure
The patient was placed in the lithotomy position under general anaesthesia. A double-J stent was placed in each ureter and a Foley catheter was inserted into the bladder. All procedures were performed by BJ (first author) in a multidisciplinary setting where rectal resections were performed by AC (third author). A pneumoperitoneum was created by placing a Verress needle and insufflating 3 liters of CO₂. Two 10 mm trocars were placed: one in the umbilicus and one in the right iliac fossa. Five mm trocars were placed suprapubically and in the left iliac fossa. All endometriotic lesions were excised using monopolar and bipolar instruments. All bladder endometriosis was excised using monopolar instruments; the bladder was sutured laparoscopically. For endometriomas a cystectomy was performed. Rectovaginal nodules were excised after rectal shaving using a monopolar hook electrode. When a rectal resection was indicated, a reanastomosis was performed using transanal stapling.
Patients
The number of women operated between January 2009 and December 2013 was 54.
Preoperative pain was scored in 4 grades of dysmenorrhea. The median score was 2 [0-4]. Postoperative pain was not scored systematically, and pre-versus postoperative pain could therefore not be compared.
Within the 54 patient group, there were 14 patients (26%) for whom the indication for surgery was pain-reduction and not infertility. This subgroup was excluded. The remaining40 patients (74%) were operated due to subfertility and active child wish. Patients with conflicting fertility factors, such as active smoking behavior and obesity (BMI >30) [18] , were also excluded. Two patients were excluded as their relationship ended shortly after surgery. One patient was lost to follow-up, and her data were excluded from this study. After these exclusions a subpopulation of 37 patients remained (69%) and an overview of their results is presented in Table 1 .
The median duration of preoperative sub fertility was 19,4 months (0-72). The WHO definition of 2009 defines infertility as an absence of pregnancy for at least 12 months [19] , thus this population was classified as infertile. The median age at surgery was 31,5 years [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] , median BMI 23,4 (17,7-31,1), median preoperative parity was 0 [0-1],and gravidity was 0 [0-3] Table 2 .
The anatomic characteristics of the population are more heterogeneous. Within the subgroup of 37 patients, there were 26 deep nodules (70%), 10 vesical nodules (27%), 7 accompanying extensive peritoneal lesions (19%),and 12 accompanying endometriomata (32%).
Two patients had an adnexectomy for extensive endometrial cysts (5%), two patients had an unilateral Fallopian tube resection (5%), and one patient had a bilateral Fallopian tube resection for bilateral drawing conclusions difficult. Another downside of this analysis is that due to lack of data, only a pregnancy ratecould be determined, and not acumulative pregnancy rate, which would make analysis of the results more accurate. Further prospective, randomized studies with an adequate control arm are required in the future, not only focusing on pregnancies but also on complications, relapses and quality of life in order to make a complete interpretation of the effects of surgical intervention. Further research should be conducted to understand the physiological mechanisms of endometriosis and the concomitant effects on fertility. Results of such research will eventually lead to an approach other than surgical intervention or medical treatment with GnRH agonists [23] .
Further challenges of surgical intervention for endometriosis are when to proceed with medically assisted pregnancy in the postoperative setting, and how long one should wait for spontaneous conception, to prevent starting premature and expensive IVF treatment. Alternatively, how long can one wait before starting IVF treatment so that time is not lost in worse prognostic categories. Adamson et al. published an interesting scoring system in 2010: the Endometriosis Fertility Index (EFI). This staged scoring system attempts to quantify post-operative success rate of spontaneous conception (0-10) using several factors, including extensiveness of endometrial lesions, post-operative Fallopian functionality and historical factors [24] . This tool was verified in 2013 as a moderate qualitative indicator [25] . This scoring system can aid in deciding when to attempt medically assisted pregnancy in the post-operative setting.
Combining all these results, 28 of 37 women became pregnant, bringing the postoperative pregnancy rate to 76%. These results are presented in Table 4 .
Discussion
A pregnancy rate of 76% confirms earlier results presented by Adamson G et al. (44% pregnancy rate after laparoscopy and 62% after laparotomy). Daraï et al. found a pregnancy rate of 45,5% after laparoscopic resection or shaving of the rectal wall. In this study, a higher percentage of spontaneous pregnancies were reported (75%) [20] . A recent large prospective cohort study showed a pregnancy rate of 51%. This study researched the benefit of rectum resection in patients with grade III to IV lesions [21] .
Our results show a pregnancy rate of 76%, which is higher than the average percentages found in recent literature. A possible explanation for this difference is the relatively small population size in this study. As our study only included 37 patients, a form of selection bias may explain the higher results compared to those found in the literature.
Median time to conception was 6 months with a range of 1-32. This number is similar to the result of Daraï et al., [21] who found a median time to conception of 8 months with a range of 3-13.
A striking conclusion in our study is the high success rate of postoperative IVF treatment. Bianchi P, et al. illustrated that radical resection of Deep infiltrative Endometriosis significantly improved IVF treatment success rates. In their prospective cohort analysis a pregnancy rate of 24% without and 41% with surgery was found [22] . In our study, the post-operative success rate of IVF treatment was remarkably higher, namely 71%. A possible explanation for this finding is again the smaller number of patients included (37 patients in our study versus 179 patients in the study by Bianchi et al.) [22] , as well as different characteristics of the selected populations. The study performed by Bianchi et al. mostly described women with DIE, while in this analysis we focused on grade III to IV lesions with rectovaginal involvement.
Considering the evaluation of post-operative pain, no standardized pain scoring system was used. Seven of 37 (n=7, 19%) patients needed surgical re-intervention due to persisting pelvic pain.
Analysis of results found in this study confirms that radical surgery improves fertility in grade III to IV endometrial lesions. Careful interpretation of these results however is recommended. The retrospective character of this study, variable time of follow-up, lack of a well-defined control population, and limited population size, make Table 4 : Pregnancy rate after surgery.
